The transitional siliceous rocks from the Belchatow lignite deposit belong to the deposits with heterogeneous petrographic composition. The research allows us to identify among others, opoka-rocks and gaizes.
INTRODUCTION
Economic and civil development is indispensably associated with increasing demand for mineral resources. This situation forces exploration into new alternative sources of recovering them. In the course of the extraction operation of lignite in the Belchatow lignite, it was found that both the overburden rocks and Mesozoic bedrock contained minerals having valuable raw material properties. The carried out mineralogical-petrographic studies help to identify, in the contact of the Mesozoic bedrocks with Neogene sediments in the Belchatow lignite deposit, a group of siliceous rocks with transitional character such as opoka-rocks and gaizes [1, 2] . A variety of phases of silica can be determined in these rocks on the basis of microscopic and rentgenographic criteria. The substance SiO2 belongs to crystal-chemical compounds of a complex nature. This substance can create numerous polymorphic forms depending on the environmental conditions in which its crystallization occurs. There we find: opal, crystobalit, trydymit, chalcedony and quartz ( fig.1) . Fig.1 . X-ray pattern of different varieties of opal and chalcedony, and trydymit and crystobalit [3, 4] The content of various polymorphic varieties of silica often determine the geomechanical properties of rocks. The carried out laboratory studies show that the possibility of the practical application of the studied rocks is dependent on the quantity and, in particular, on the phase character of minerals in the SiO2 group that are present among them. As a result of the transformation of siliceous mineral phases in the rock, there are physical changes -mechanical features. As a result, in the transition of opal type A to quartz, there is a reduction of water content, porosity and permeability within the rock. An increase of temperature, pressure, alkalinity and the presence of various catalysts can accelerate the process of these changes. The presence of clayey minerals causes the slowing rate of these processes. The transitional siliceous rocks have practical importance as mineral resources of a mixed type. Opoka-rocks differentiate from other rocks by their abundance of cryptocrystalline, fine scattered silica among carbonate components. Their characteristic feature is the presence of spatial structures composed of opal or chalcedony. Leaching of CaCO3 in the weathering zone leads to the forming of a porous residual deposit that is known as light opoka-rock. Opoka-rocks and gaizes are from the Cretaceous age and occur in large areas of Lublin Upland, along the central banks of the Vistula River near Lodz and in the Miechowska Basin. They are used for the local construction industry [5] . Gaizes are used locally as a building and road stone. Numerous studies and practice
48
A. PĉKALA confirm the usefulness of both minerals for the production of cement, including cement of special quality [6] .
RESEARCH MATERIAL AND METHODOLOGY
Samples that were taken from the cores prior to the exploitation front of the Belchatow and Szczercow mining fields were the basis for the carried out studies. The research material was supplemented by addition of samples from the southern slope of the outcrop from the Belchatow field. Throughout the field and laboratory work there were a total of 92 rock samples which were analysed. 57 rock samples came from boreholes and 35 from the exploitation slope. The studied transitional rocks were found in 22 samples. The largest number was composed of opoka-rocks, which were found in 18 samples, and gaizes in 4 samples. The carried out laboratory analyses included a wide methodological spectrum. The most important studies covered:
-The mineralogical properties were determined with the use of: polarization microscope Olimpus BX-51; scanning electron microscopy (SEM) FEI Quanta 200FEG and X-ray diffraction using a Philips X'Pert diffractometer with reflective monochromatyzer.
-The chemical properties were determined by atomic absorption spectroscopy (AAS) using a spectrophotometer Philips PU 9100Xi Camera SX-100 and atomic emission spectroscopy with inductively coupled plasma (ICP AES) using a spectrometer PLASMA 40 
RESEARCH RESULTS AND DISCUSSION
The subject of the research in this paper is a group of the transitional siliceous rocks represented by opoka-rocks and gaizes [4] . The carried out studies show that in all the recognized petrographic Among the transitional siliceous rocks from the Belchatow lignite deposit, macroscopical rocks which resembled sandstones or mudstones were also identified. They were identified as gaizes.
They are mostly found accompanying opoka-rocks. The carried out chemical research which was done with gaizes show that they are mainly composed of silica that is greater than 93% wt. of its quantitative composition. The content of CaO is placed in ranges from 0.50 to 19.82% wt. The texture of these rocks is random, slightly porous and the structure is organodetritic. Rocky cement is determined by cryptocrystalline silica ( fig.2 ). Detrital material is represented by siliceous organic skeletal elements, mainly needle sponges, shells of radiolarians and diatoms. Furthermore, biotite and partly chloritized biotite and quartz grains have been found within the detrital material the blades of hydromuscovite and muscovite [10] .
For the analysed X RAY patterns, an increase of background on X-ray diffractometers on an angular range of 2QCuKa 18-24 0 exists, which suggests the presence of opal -type A [3] . It can be Op -opal type CT (crystobalit -trydymit), Och -chalcedony, Q -quartz, C -calcite, I -illite
In addition, X-ray research was carried out to determine the crystallinity index of quartz CI [11] , the value of which is related to the visibility degree of reflex d (212) = 1.3020 A. According to the methods, pure idiomorphic quartz has a clarity CI = 10 and poorly crystallized silica CI <1.0. The crystallinity index results seem to be largely a function of the size of the crystallites larger than 1 micrometer in diameter, but may also be dependent on network deformation caused by mechanical stresses. In the opoka-rocks CI range from 1.8 to 2.17. In the case of the gaizes, the CI value equals 7.8 ( fig.3 ). The carried out study showed a fairly high degree of order of silica phases in the gaizes and a distinct difference in the forming of silica building the studied transitional rocks. The results are comparable with the standard quartz from Jeglowa and chalcedonites from the Tomaszow Basin ( fig.3 ). what classify them to the rocks with low and medium stength (PN-EN -ISO-14689) [13] . In addition, these rocks had a higher apparent density -1.9 g / cm 3 and lower water absorption -11%.
Meanwhile, the density and water absorption for opoka -rocks from the Lublin Upland was, respectively, 1.4 -1.6 g/cm3, n > 35 %. The attention is the fact that the geomechnical characteristics of the opoka -rocks of the Lublin region are related to the micritic structure of these rocks reinforced a significant amount of siliceous needles of sponges. Thanks to the skeletal strengthening of the opoka-rocks they are harder to cracking and are more resistant to mechanical destruction processes in comparision with other local carbonate raw materials of similar density and strength. In the carried out mineralogical research of the Belchatow opoka -rocks there was not found any needles of sponges in the microscopic images, whereas the strengthening of the structure of these rocks is the result of secondary mineralization processes, mainly replacing carbonate minerals by silica minerals.
By analyzing the obtained results it can be concluded that not only the quantity but also the type of silica mineral phase affects the geotechnical parameters of the studied rocks. With increasing crystallinity index (CI) there is an increase in parameters such as the compressive strength in an airdried state and apparent density. Their porosity decreases. tab (1). 
SUMMARY
The carried out studies show a fairly high degree of silica phase in the gaizes and distinct differences in the forming of silica in the studied transitional rocks. It can be noticed that for the most part, the studied rocks were covered by a recrystallization processes which consisted of the conversion of opal to chalcedony and microcrystalline quartz. This process is related to the gradual or total obliteration of the original textures and a transformation involving the transition from rocks with organic structures to rocks with microcrystalline structures. It leads to the increase of compaction and reduction of porosity.
The quantity and phase nature of the minerals from the SiO2 group primarily has an effect on the possibility of the practical application of the studied transitional rocks. Presence of such a high silica content and its phase variation has an influence on their strength parameters. With increasing crystallinity index (CI), an increase of parameters, such as the compressive strength in air-dried state and apparent density, is observed. Their porosity decreases.
Investigations were carried out as part of research contract U-604/DS Op -opal typu CT (crystobalitowo -trydymitowy), Och -chalcedon, Q -kwarc, C-kalcyt, I -illit 
